ABSTRACT
INTRODUCTION
Models of electrical power systems, often called test systems, are valuable tools in reliability evaluation. As they usually contain a consistent set of data, this kind of test systems provides a good basis for many types of power system studies. The Reliability Test System (RTS), presented in an IEEE publication in 1979 [1] , was later followed by Roy Billintons Test System (RBTS) [2] . These international test systems have extensively been used as references for comparing alternative technical solutions to distribution reliability problems [3] .
However, to apply international test systems in studies of national distribution networks is not always suitable, as network data vary much between different countries. In Ref. [4] , the need to review available test systems is acknowledged and a close collaboration with power distribution companies during the development of future test systems is recommended. Another identified aspect for further development is to include customer interruption costs in the test systems.
The test systems described in this paper have been created to meet the requirements in Ref. [4] . Firstly, in order to represent the diversity of actual Swedish distribution networks two different test systems have been developed. The Swedish Urban Reliability Test System (SURTS) and the Swedish Rural Reliability Test System (SRRTS) have the characteristics of urban and rural distribution networks, respectively. Secondly, representatives of major Swedish power distribution companies have been an integral part in the development of the test systems. Finally, customer interruption costs have been included.
All calculations of system reliability and interruption costs in this paper are based on time sequential Monte Carlo simulations of component failures in the test systems.
DESCRIPTION OF THE DISTRIBUTION NETWORKS: SURTS AND SRRTS
SURTS is intended to represent an actual urban distribution network with more than 20 customers per km feeder. Correspondingly, SRRTS represents rural networks with less than 10 customers per km feeder. These classifications of urban and rural distribution networks are defined by the electric utility organization Swedenergy. The test systems are based on data from all Swedish distribution companies compiled by the Swedish Energy Markets Inspectorate (EI).
The main characteristic of urban distribution networks is the cable-loop design. SURTS is a 10 kV system with 10 identical loops, as shown in Figure 1 . Each loop has approximately 1100 customers and 10 km cable. It is possible to connect or disconnect each section in the loops. This design is simple, yet it sufficiently reflects the system redundancy in urban networks.
In rural distribution networks line length, redundancy and the proportion of uninsulated line are crucial for reliability evaluation. SRRTS consists of two modules, Module A and Module B, as shown in Figure 2 . A typical feature of rural distribution networks is the radial structure, especially at some distance from the primary substation, and SRRTS has a partially radial structure. The most important simplification made for SRRTS is that there are only one or two feeders, respectively, from the substations (40/10 kV). Disconnectors are placed as shown in Figure 2 . Prague, 8-11 June 2009 Paper 0837 CIRED2009 Session 5
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FIGURE 1. System layout of the Swedish Urban Reliability Test System (SURTS). Ten identical loops with approximately 1100 customers and 10 km feeder cable each.

FIGURE 2. System layout of the Swedish Rural Reliability Test System (SRRTS).
The design of these distribution networks followed utility principles in Refs. [3] and [5] regarding component failures and their consequences. The following comments relate to the function of the test systems:
a. The feeders are operated as radial feeders even though they in some cases are connected as a loop.
As shown in Figure 1 
CUSTOMER AND LOAD DATA
The customer load data is based on statistics from Fortum Distribution. Six different customer categories were identified: urban residential, rural residential, industry, commercial, agriculture and public sector. Table 1 shows the average of aggregate load for each customer category at the load points in the test systems. Customers in the same customer category have a common average load. When a fault occurs in the time sequential simulation, these customer averages are multiplied with an index number from a load curve that represents the time-varying power consumption. Each customer category has a set of different load curves to represent seasonal, daily and hourly variations in power demand. The load curves used in the test systems are presented in Ref. [6] . Prague, 8- 
FAILURE RATES, SWITCHING TIMES AND REPAIR OR REPLACEMENT TIMES
The test systems are assumed not to be affected by temporary failures and also to be in normal operation mode when faults occur. The effects of failures that occur on higher or lower distribution levels are neglected. Disconnectors are considered to be 100 % reliable. The reliability data in Tables 2 and 3 include failure rates (λ), repair times (r/r p ) and switching times (s), and are mainly based on Refs. [3] , [5] and [7] . Representatives from power distribution companies have also contributed with data. In the simulation, λ is assumed to be exponentially distributed and r/r p and s are assumed to be log-normally distributed, why the tables also include the standard deviations (StD). In the analysis, an active failure in a breaker causes also the next breaker on the feeding side to trigger. This is not the case with the more contained passive failures. 
CUSTOMER INTERRUPTION COSTS
The outage costs for the customers in the test systems are based on a survey study [8] . The interruption costs are shown in Table 4 . The costs for the public sector include external costs (waiting times etc.) for the public. 
RELIABILITY RESULTS
To verify the accuracy of the models, reliability calculations were performed. Generally, the reliability results for SURTS in Table 5 correspond well to actual networks. SAIFI and SAIDI for the test system are somewhat lower than the EI statistics. However, the statistics compiled by EI include data from all distribution companies with an average of more than 20 customers per km feeder, and is likely to include occasional rural networks with higher failure rates. The EI statistics also include outages caused by the underlying low-voltage system. The EI data in Table 6 are based on data from distribution companies with an average of less than 10 customers per km feeder. In consequence, the EI statistics are not based on data for rural networks exclusively. Therefore, even though SAIFI and SAIDI for SRRTS are slightly higher than corresponding system indices in the EI statistics, SRRTS is representative of Swedish rural distribution networks. It should also be noted that the EI statistics for outages in rural networks vary substantially between different years because of great variance in the frequency of weather-caused failures. Due to the radial structure the outage time for
SRRTS
Module A is longer than it is for Module B. The high portion of uninsulated lines in Module A results in a high SAIFI.
Overall, rural customers suffer almost ten times higher annual outage costs than urban customers because of much more frequent outages. However, the higher density of commercial customers in the urban system results in larger average outage cost per kWh.
CONCLUSIONS
The validations of system reliability indices SAIFI and SAIDI confirm that the developed test systems are good representatives for actual distribution networks. Hence, the test systems are applicable in many types of studies of electrical distribution systems. The resemblance of the test systems to actual networks has also been confirmed by representatives of major Swedish power distribution companies regarding for instance load, customers and network topology. Each test system provides a consistent set of data which enables calculations for reliability analyses and for the assessment of customer interruption costs. Finally all data for the test systems are available at the website of Elforsk [6] , which makes it easy for industry and researchers to use them.
